An enhanced cell-centered finite-volume procedure has been presented for solving the natural convection of the laminar Al O /Water nanofluid flow in a Γ shaped micro-channel in the slip flow region, including the effects of velocity slip and temperature jump at the wall, which are the main characteristics of flow in the slip flow region. In provided FORTRAN code, an explicit fourth-order Runge-Kutta integration algorithm has been applied to find the steady state solutions. Also an artificial compressibility technique has been to couple the continuity to the momentum equations. The Grashof numbers from 10 to 10 have been considered. Results show that decreasing the mean diameters of nanoparticles, increases the Nusselt number.
10 the enhancement of the Nusselt number due to presence of nanoparticles increases with the Hartman number, but at higher Rayleigh number, a reduction has been observed [7] .Arie et al.
carried out a computational optimization analysis on a full-scale manifold-micro-channel heat exchanger [8] . P. FariñasAlvariño et al. studied a numerical investigation of a tubular developing laminar flow of a water/alumina nanofluid under constant heat flux conditions. The nanofluid is modeled as a water/alumina nanoparticles mixture [9] . Ebrahimi et al. performed a numerical simulation on the liquid flow and heat transfer in a rectangular micro-channel with longitudinal vortex generators (LVGs) [10] . Yue et al. simulated a manifold micro-channel heat sink employing nanofluids as heat transfer medium. Their results showed that increasing the volume concentration of nanofluids leads to an increase in Nusselt number and pumping power while entropy generation plummets [11] .Hedayati et al. studied the effects of nanoparticle migration and asymmetric heating on mixed convection of TiO /water nanofluid inside a vertical microchannel [12] . X. D. Wang analyzed the flow and heat transfer in nanofluid-cooled micro-channel heat sink (MCHS) [13] . S. M. Hosseini Hashemi et al. studied forced convection heat transfer in a porous annular micro-duct. Brinkman extended Darcy equation was used and the porous medium shape parameter, the velocity slip and the temperature jump at the walls are taken into account. Two distinct thermal boundary conditions were analyzed: constant heat flux at the outer cylinder and insulated inner cylinder and vice versa. Results show that for both cases Nusselt number decreases as Knudsen number and annulus aspect ratio increase [14] . Qinbo Hea preparedCu − H Onanofluids through two-step method.. The factors influencing transmittance of nanofluids, such as particle The transmittance of nanofluids over solar spectrum (250-2500 nm) was measured by the UV-Vis-NIR spectrophotometer based on integrating sphere principle size, mass fraction and optical path were investigated [15] . Massimo Corcione proposed and discussed two empirical correlations for predicting the effective thermal conductivity and dynamic viscosity of nanofluids, based on a high number of experimental data available in the literature. He found that, given the nanoparticle material and the base fluid, the ratio between the thermal conductivities of the nanofluid and the pure base liquid increases as the nanoparticle volume fraction and the temperature are increased, and the nanoparticle diameter is decreased [16] . Zhu et al. studied the laminar flow and heat transfer of /ethylene glycol-water nanofluids in a wavy finned heat sink [17] . The finite volume method of Jameson et al. has proved to be useful as a tool in solving the Euler and Navier-Stokes equations [18] [19] [20] . In the last numerical solutions of the heat transfer and fluid flow for enclosures, a code based on the enhanced SIMPLE method [21] , almost couples the pressure to the velocity. In this work, an artificial compressibility technique is applied to couple the continuity to the momentum equations. This technique was originally introduced by Chorin with the objective of solving the steady state incompressible Navier-Stokes equations. Chorin transformed the elliptic incompressible equations to a hyperbolic compressible system, which can be solved by standard, time-marching methods. The idea of relaxing the incompressibility constraint by adding an artificial compressibility term has been known for a long time and has been extensively used in finite-volume as well as in finite element approximations of the incompressible Navier-Stokes equations [22] [23] [24] [25] . The discretization of the viscous and thermal conduction terms are very simplified using the enhanced scheme similar to flux averaging in the convective terms. This enhanced method has been introduced by Ziapour and Dehnavi [26] .
Due to the lack of information about non-square and rectangular enclosure, this study investigates the flow field and heat transfer in a Γ shaped micro-channel that is filled with Al O -watre nanofluid. Thermal conductivity and dynamic viscosity of the nanofluid are employed by Xu's model [27] and Jang's model [28] , respectively.
RESULTS AND DISCUSSIONS
The validity of the numerical approach has been assessed by the grid-independence and comparisons with the results in the literature. The present problem for a specific situation has performed for four different grids (50×50, 100×100, 150×150, and 200×200) has performed. The maximum Nusselt difference between the four listed grids is less than 1.5%. Finally for saving time and maintaining accuracy the 100×100 grid has been found suitable for the present problem.
As already mentioned, a similar study for the nanofluid flow in a Γ shaped micro-channel is not available. Therefore, in order to verify the present model, the code for nanofluid inside the ordinary enclosure (not micro-channel) has been run, and obtained Nusselt numbers have beencompared with reference [29] , and results are completely matched.
The effects of Grashof number, the properties and the distribution of nanoparticles (mean nanoparticle diameter, R parameter and nanoparticle volume fraction), and Knudsen number on the fluid flow, isotherms, streamlines and Nusselt number have been investigated.
Isotherms
Effecst of Grashof number and Knudsen number on isotherms Isotherms for Gr = 10 to Gr = 10 in dp = 5nm have been plotted in figure (1-a) for Kn = 0.001 , figure (1-b) for kn = 0.01 and figure (1-c) for kn = 0.1.
As is obvious from the figure (1-a) , by increasing Grashof number the distortion of isotherms increases too, it is due to the increasing of buoyancy force and getting stronger convection inside the chamber. By increasing Knudsen number the distortion of isotherms decreases, because as the Knudsen number increases, the temperature jump at the walls increases too. The temperature jump at the walls reduces the heat transfer. 
Effect of nanoparticle volume fraction on isotherms
Isotherms for = 10 , dp = 5nm , Kn = 0.01 , R = 0.002 ,in different nanoparticle volume fraction have been plotted in figure (2) . The isotherms are not significantly affected by nanoparticle volume fraction. However, by increasing nanoparticle volume fraction the distortion of isotherms increases too. This is related to an increase in the inertia forces as depicted by Eqs. 
Isotherms for = 10 , dp = 5nm , Kn = 0.01 , R = 0.002 ,in different nanoparticle volume fraction have been plotted in figure (2) . The isotherms are not significantly affected by nanoparticle volume fraction. However, by increasing nanoparticle volume fraction the distortion of isotherms increases too. This is related to an increase in the inertia forces as depicted by Eqs.
(2) and (3), the equation shows that the inertia forces are amplified by the nanoparticle volume fraction. Therefore, any increase in volume fraction increases the inertia forces and accordingly the temperature gradient and the heat transfer. 
(2) and (3), the equation shows that the inertia forces are amplified by the nanoparticle volume fraction. Therefore, any increase in volume fraction increases the inertia forces and accordingly the temperature gradient and the heat transfer. Actually, only when B and Knudsen number are very smalldoes it appear possible for the effects of velocity slip to win outover the opposite effects of the temperature jump and thus make aNusselt number greater than the continuum flow value. In otherwords, when the tangential momentum accommodation coefficientis significantly smaller than thermal accommodation coefficient,the Nusselt number will be greater than the continuum flowvalue. However, for practical engineering applications, it is extremelydifficult to realize and heat transfer is always reducedwhen slip flow occurs. In this study,by increasing the Knudsen number from 0.001to 0.1, the Nusseltnumber decreases18.6% and 2.8% for Gr = 10 and Gr = 10 , respectively. This study investigates the flow field and heat transfer in a Γ shaped micro-channel that is filled with Al O -watre nanofluid. Figure (7) shows the schematic of the model with its boundary conditions adopted in this study. The step is considered as isothermal at higher temperature than two vertical isothermal walls, the top and bottom walls are adiabatic.
Mathematical equations describing the physical model are based on the following assumptions:
(I) the thermo physical properties are constant except for the density in the buoyancy force Continuity equation
x-momentum equation:
y-momentum equation:
The dimensionless form of equations obtained by using the following parameters:
The main parameters in calculating the rate of heat transfer of nanofluids are important: Heat Capacity, Viscosity and Thermal conductivity which may be quite different from pure fluid.
The effective physical properties of the nanofluid in the above equations are:
This well-validated model is presented by Jang et al. (2007) [28] for a fluid containing a dilute suspension of small rigid spherical particles and it accounts for the slip mechanism in nanofluids.
The empirical constant e and g are -0.25 and 280 for Al O , respectively.
Density:
There is a consensus among researchers in using the Law of mixtures in Calculation the density of nanofluids. This relationship is as follow:
Heat capacitance:
Thermal diffusivity:
Dimensionless stagnant thermal conductivity:
Research has shown that the thermal conductivity of the nanofluid is the function of both the base fluid thermal conductivity and thenanoparticles, also the volumetric density of surface area and the shape of nanoparticles and distribution volume fraction. This model, introduced by Hamilton and Crosser (H-C model, 1962) [31] , considers the nanoparticles in the liquid as stationary. 
Total dimensionless thermal conductivity of nanofluids:
This model was proposed by Xu et al. [27] and it has been chosen in this study to describe the thermal conductivity of nanofluids. The first term is the H-C model and the second term is the thermal conductivity based on heat convection due to Brownian motion. C is an empirical constant, which is relevant to the thermal boundary layer and dependent on different fluids (e.g. c = 85 for the deionized water and c = 280 for ethylene glycol) but independent of the type of nanoparticles. Nu is the Nusselt number for liquid flowing around a spherical particle and equals to two for a single particle in this work. The fluid molecular diameter d is taken as 4.5 × 10 m for water in present study. The fractal dimension D is determined by:
Where d 
Boundary condition
In the slip flow region, due to the rarefaction effect, the flow will slip and the temperature will jump at the wall. The expression used for velocity is [32] :
Where λ is the molecular mean free path. The constant λ denotes tangential momentum accommodation coefficient, which is usually between 0.87 and 1 [33] . Although the nature of the tangential momentum accommodation coefficients is still an active research problem, almost all evidence indicates that for most interactions the coefficients are approximately 1.0.
And the expression used for temperature is [34] :
In which σ represents a thermal accommodation coefficient measuring the extent to which the energies of molecules impinging on a surface are affected by contact with the surface.σ is usually between 0.32 and 1 [31] and close to unity for typical engineering surfaces. γ denote the specific heat ratio.
Nusselt number
For nanofluids local Nusselt number (Nu) is defined as:
Where, n denoted the normal direction on a plan. The local Nusselt number at the heat wall plane Nu , Nu are defined as follows:
Therefore, the average Nusselt number is calculated as follow:
3. Cell centered finite-volume scheme for space discretization By integrating from conservation Eqs. (1)-(4) over a control volume Ω, which is bounded by ∂Ω, and applying the Gauss divergence theorem, one gets:
Therefore, these equations can be arranged in a suitable vector form as follows: 
The computational domain is divided into quadrilateral cells (see figure 2 ) and a system of ordinary differential equations is obtained by applying Eq. (23) to each cell separately. 
where,S , is the area of (i, j) the cell.
CONCLUSIONS
In this paper, a computational code was developed using a cell-centered finite-volume methodfor 
